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BACKGROUND OF THE INVENTION 

1. Field of the Invention . 

This invention generally relates to an apparatus and method for controlling the generation of 
timing signals. 

2. Description of the Related Art . 

A wide variety of circuits for generating timing signals have been proposed. These signals 
have routinely been used as clock signals for synchronizing communications, storing, processing and 
coordinating the display of data, and performing numerous system management functions. Timing 
signals have also been used in asynchronous applications to control transistor switching in circuits 
that include, for example, signal-level converters, power converters, frequency generators, bias 
control circuits, as well as others. 

In order to satisfy the performance requirements of many modern-day applications, it would 
be desirable to generate custom timing signals and more particularly ones having positive and 
negative edges which are independently controlled relative to one another. Signals of this type would 
improve the accuracy and efficiency of their host systems and thus would be regarded as highly 
desirable. Conventional circuits do not generate timing signals in this manner and therefore have 
proven to be a liability in many circuit designs. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagram showing a circuit for controlling the generation of a timing signal in 
accordance with one embodiment of the present invention. 

Fig.2 is a timing diagram showing one way the circuit of Fig. 1 may be operated for 
generating a timing signal having independently controlled rising and falling edges. 

Fig. 3. shows functional blocks included in a method for generating timing signals in 
accordance with one embodiment of the present invention. 

Fig. 4 shows functional blocks which may be performed in the clock-signal conversion block 
of Fig. 3. 

Fig. 5 is a diagram showing a DC-DC converter which includes a timing circuit in accordance 
with one or more of the embodiments of the present invention. 

Fig. 6 is a diagram showing a processing system which may include the DC-DC converter 
and/or a timing circuit in accordance with one or more of the embodiments of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring to Fig. 1, a circuit for generating timing signals in accordance with one 
embodiment of the present invention includes a first delay line 10, a second delay line 20, and a 
signal processor 30 for generating a timing signal ENOUT from an input clock signal CLK and 
outputs from the delay lines. 

The first and second delay lines are preferably programmable lines which control the delay 
imposed on the input clock signal. Each line may be formed from a plurality of series-connected 
delay elements (e.g., buffers) which are selectively connected in the circuit using, for example, logic 



-2- 



gates to achieve a predetermined total delay time for the clock signal. While delay lines of this type 
are known, those skilled in the art can appreciate that other types of lines may be used provided they 
are capable of delaying the input clock signal in the manner described herein. The total delay time of 
each line may be set or otherwise adjusted by a controller 40. 

The signal processor generates, from the input clock signal, a timing signal having rising and 
falling edges which are independently controlled based on the output of two delay lines. The rising 
and falling edges may correspond to different logic levels, and as such may reflect different states of 
a clock or effect different functions for controlling the operation of one or more circuits, one 
example of which is the DC-DC converter explained in greater detail below. By adjusting the delay 
times of each line, the rising and falling edges may be set to define any type of timing signal, 
including asymmetrical signals where the time the signal assumes a first logical value is different 
from the time the signal assumes a second logical value. 

One preferred but non-limiting implementation of signal processor 30 includes a control 
circuit 3 1 (CCO), a first logic transfer circuit 32, and a second logic transfer circuit 33. The control 
circuit generates an interim timing signal ENO having a predetermined period. The timing signal may 
be periodic or aperiodic. For illustrative purposes, the interim timing signal is discussed herein as 
having a period (2T) that is approximately twice the period of the input clock signal (T). This is 
achieved by causing the interim signal to experience an edge transition at every controlling edge of 
the input clock signal, i.e., only one of the rising edge or falling edge of the clock signal controls 
edge transitions that take place for the periodic signal. In order to achieve this function, control 
circuit 31 is preferably formed from or includes a finite-state machine. Other types of signal 
processing or signal conversion circuits, however, may just as easily be used. 

-3- 



Once formed, timing signal ENO is output with some delay relative to the controlling edge of 
the clock signal. The first and second transfer circuits buffer and shift logical values of this timing 
signal at times controlled by the delay times of clock signals CLKO and CLK1. The first transfer 
circuit may be a latch circuit such as a active-high level-sensitive D latch. The second transfer circuit 
may be a positive-edge-triggered D flip-flop. While these circuits are preferable, other types of logic 
transfer circuits may be used. By controlling the delay times of clock signals CLKO and CLK1 
according to logical values of ENO, the falling and rising edges of timing signal ENOUT are 
independently adjusted with respect to CLK to meet the requirements of an intended application. 

One way the logical values of timing signal ENO may be buffered and shifted involves using 
logic gate 34 and multiplexer 35. The specific logic gate used depends whether the rising or falling 
edges of the delayed clock signals are used in activating the buffering function of the latch. In Fig. 1, 
logic gate 34 is shown as a NOR gate and latch 32 is compatibly selected to be an active-high latch. 
In this illustrative implementation, when the delayed clock values CLKO and CLK1 both assume 
logical zero values, the NOR gate outputs a clock signal CLK2 having a logical one value. This value 
activates the latch to store the logical value of ENO that exists at that time. 

The logical value of ENO is also passed to the Q output of the latch to serve as a select signal 
EN1 for the multiplexer. The multiplexer outputs one of the delayed clock signals based on the value 
of EN1 . For example, if EN1 has a low logical value, the multiplexer outputs delayed clock signal 
CLKO. Conversely, if EN1 has a high logical value, the multiplexer outputs delayed clock signal 
CLK1. 

The second transfer circuit may be a D-type flip-flop connected to receive the Q output of the 
latch. This flip-flop is activated by a signal CLK3 which corresponds to the signal output from the 



multiplexer. The flip-flop may be triggered on a rising or positive edge of the signal input into its 
clock terminal. When this triggering occurs, the logical value of EN1 in existence at that time is used 
as a basis for defining the first edge transition of the timing signal ENOUT. 

For example, if ENOUT previously assumed a high logical value and EN1 has a low logical 
value at the time CLK3 goes high, then ENOUT will transition to a low logical value. Since EN1 is 
low, CLK3 is equivalent to CLKO delayed by a small delay of multiplexer 35. Therefore, the 
transition time of ENOUT from high to low, or negative edge, is determined by delay line 10. 
Similarly, if ENOUT is low and EN1 is high, the time when CLK3 triggers the transition on ENOUT 
from low to high is determined by CLK1 and delay line 20. If EN1 and ENOUT have identical 
logical values, then either of CLKO and CLK1 can be used to produce CLK3, since ENOUT will not 
exhibit a transition. The changing states and delay times imposed on CLKO and CLK1 thus 
independently control the placement of the falling and rising edges of the output timing signal. 

Fig. 2 is a timing diagram showing how the Fig. 1 circuit may be operated under an 
exemplary set of conditions to generate a timing signal from an input clock signal, where the timing 
signal has falling and rising edges that are independently controlled based on the signals output from 
delay lines 10 and 20. 

Initially, a clock signal CLK of period T is input into the signal processor and delay lines. In 
the signal processor, control circuit 3 1 causes timing signal ENO to transition from a high to a low 
logical value when the falling edge of the clock signal occurs. This transition takes place after a delay 
time illustratively labeled T cc . Simultaneously, delay lines 10 and 20 delay the clock signal by 
different amounts of time T 0 and Ti to generate delayed clock signals CLKO and CLK1 respectively. 
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At the time when CLK1 goes low, EN1 is high and multiplexer 35 outputs CLK1 as CLK3 
and after short time Tai, CLK3 also transitions from high to low. 

When both delayed clock signals assume low logical values, NOR gate 34 outputs a high 
logical value as signal CLK2. As shown in the timing diagram, generation of this signal occurs a 
short time T A 2 after both of the delayed clock signals assume a low logical state. The transition of 
CLK2 to a high logical state activates latch 32, causing it to store the logical value of timing signal 
ENO at this time. As shown, signal ENO has a low logical value at this time. Accordingly, a logical 
value low is stored in the latch. 

The high value of CLK2 also causes the latch to output a low logical value at its Q terminal. 
This value corresponds to the generation of timing signal EN1, after an additional delay time T A 3, 
which operates both as a select signal for multiplexer 35 and an input signal into flip-flop 33. Both 
delayed clock signals being low is a necessary prerequisite in this illustrative embodiment for 
generating the select signal EN1 of the multiplexer. 

The low logical value of EN1 causes delayed clock signal CLKO to be selected in 
multiplexer 35 in the anticipation of a high to low transition of ENOUT. Also, at this time, the low 
logical value of EN1 is not stored in flip-flop 33. This because the flip-flop is a positive edge- 
triggered circuit and the clock input CLK3 is presently at a low value. 

At time = T/2, clock signal CLK transitions to a high logical value. This event has no effect 
on timing signal ENO because control circuit 3 1 only changes ENO on the falling edge of the clock 
signal. (In the timing diagram, this point in time is labeled to show the delay times To and Tj of the 
clock signals CLKO and CLK1 output from the delay lines.) 
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At time = T/2 + TO, delayed clock signal CLKO transitions to a high logical value. This 
causes clock signal CLK2 to assume a low value, which occurs after a delay time T A4 . Since EN1 is 
low at this time, multiplexer 35 outputs CLKO as CLK3 and CLK3 transitions to high after time T A5 . 
Positive edge on CLK3 makes flip-flop 33 store the present logical value (i.e. high) of EN1 and 
output same value at ENOUT after a short time T A6 . The total delay, TF, from the rising edge of CLK 
at time = T/2 until the falling edge of ENOUT is substantially TF = TO + T A5 + T A6 and is determined 
by delay TO of delay line 10. 

At time = T/2 + Tl, delayed clock signal CLK1 transitions to a high logical value. 

When CLK2 goes low, latch 32 is de-activated. Because the Q output of the latch is 
unaffected by de-activation of the latch, timing signal EN1 retains its low logical value and thus 
delayed clock signal CLKO continues to be selected by the multiplexer. 

At time = T, the clock signal CLK goes low. This causes a rising edge transition to occur in 
timing signal ENO output from control circuit 3 1 . This transition occurs a delay time T xx after the 
falling edge transition of CLK. The value of T xx may be equal to T cc or may be a different delay time. 
Because clock signal CLK2 still has a low logical value, the change in logical state of signal ENO is 
not yet reflected in the output of the latch. 

The falling edge of clock signal CLK also causes delayed clock signals CLKO and CLK1 to 
go low respective delay times T2 and T3 after the CLK falling edge transition. The values of T2 and 
T3 may match times TO and Tl , or T2 and T3 may be different from TO and Tl . After CLKO goes 
low, CLK3 goes low because EN1 is low. A delay time T A7 after both delayed clock signals assume 
low logical values, the NOR gate outputs a high logical value at CLK2. 
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After CLK2 goes high, the latch stores the high logical value for timing signal ENO and 
further shifts this value to its Q output. As a result, signal EN1 goes high a delay time T A8 thereafter. 
The high value for EN1 causes the multiplexer to select the delayed clock signal CLK1 as its output, 
which as shown in the timing diagram has a low logical value. 

When delayed clock signal CLKO transitions to a high value again, the NOR gate outputs a 
low logical value for CLK2 after a delay time T A9 . This de-activates the latch while still making the 
high value of EN1 available at the Q output. Then, when delayed clock signal CLK1 goes high, 
CLK3 also goes high a delay time T A10 thereafter. The high logical value of CLK3 activates the flip- 
flop to thereby cause timing signal ENOUT to assume the logical value of timing signal EN1 . Since 
EN1 is high at this time, ENOUT experiences a rising edge transition a delay time T A , , thereafter. 
The total delay, TR, from the rising edge of CLK at time = T + T/2 until the rising edge of ENOUT 
is substantially TR = T1+ T A10 + T A1 , and is determined by delay Tl of delay line 20. 

The transition of ENOUT to a high logical value thus marks the period for the timing signal 
output from the circuit of Fig. 1. As shown, the delay time TR of this rising edge transition is 
different from (and in this illustrative example longer than) the falling-edge transition delay time TF. 
The input clock signal CLK is therefore used as a basis for generating an asymmetrical timing signal, 
where the rising and falling edges are independently set relative to CLK based on the different delay 
times imposed by the programmable delay lines and where the time signal ENOUT assumes a high 
logical value is different from the time this signal assumes a low logical value. Although TO < Tl in 
Fig. 2, this is not a requirement. In other embodiments, TO = Tl or TO > Tl may be possible. Also, 
though preferred, it is not required that the duty cycle of CLK, CLKO and CLK1 be substantially 
equal to 50%. 
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The timing circuit of the aforementioned embodiment, thus, independently controls the 
formation and placement of the rising (positive) and falling (negative) edges of the timing signal. 
This is accomplished using programmable delay lines (which may be identical circuits) set to 
different delay values. Through the independent control provided by the delay lines, the delays TR 
and TF for the positive and negative edges of the timing signal may be set to the same value or 
different values within a matching accuracy of two delay blocks. These values may be nearly 
arbitrarily selected and large differences in delays are easily achievable. Also, because the setting of 
one edge does not affect delay of the other edge, no sensitivity to systematic skews of the 
manufacturing process are realized. 

The timing circuit of the aforementioned embodiment may be modified in several ways. For 
example, the delay lines may be set to the same delay values. In this case, the differences in path 
length between node A and each of the delay lines are relied upon to cause the delayed clock signals 
CLKO and CLK1 to differ from one another. In another modification, latch 32 may be an active-low 
latch and gate 34 may be a NAND gate. Subsequent portions of the circuit may then be modified to 
be compatible with these changes. In another modification, the rising and falling edges of the timing 
signal may be reset or otherwise altered based on control signals from controller 40. As shown in 
Fig. 1, these control signals may change one or more of the delay times of the delay lines to new 
values to generate newly positioned edges in the timing signal. These control signals may be 
preprogrammed into the controller or may be issued in response to a user input or command. 

Fig. 3 shows functional blocks included in one embodiment of a method for generating 
timing signals in accordance with the present invention, which functional blocks may be performed 
by the circuit of Fig. 1 based on the timing diagram of Fig. 2. The method initially involves delaying 
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a clock signal by a first amount to form a first delayed clock signal (Block 50), delaying the clock 
signal by a second amount to form a second delayed clock signal (Block 60), and generating a timing 
signal from the clock signal, wherein the timing signal has a first edge controlled by the first delayed 
clock signal and a second edge controlled by the second delayed clock signal (Block 70). 

In Block 70, the timing signal is generated so that it assumes different logical values over its 
time period. The timing signal may be periodic or aperiodic. In the Fig. 1 embodiment, the timing 
signal is illustratively shown to have a period (2T) substantially twice that of the input clock signal. 
The period of the timing signal may be other multiples or fractions of T. Also, the timing signal may 
be generated so that it is asymmetrical, i.e., assumes a first logical value for a longer duration than a 
second logical value over its time period. Optionally, the method may further include changing at 
least one of the delay line times in order to adjust one or more of the edges of the timing signal to 
predetermined positions. 

Fig. 4 shows one way in which generation of the timing signal may take place in Block 70. 
Once the clock signal CLK is received, it is used as a basis for generating an interim timing signal 
having a period longer than the period of the clock signal and preferably a predetermined multiple of 
this period. (Block 71). The interim timing signal is then used as a basis for forming the output 
timing signal ENOUT. This may be accomplished as follows. 

First, the first edge of the timing signal to a logical value of the interim timing signal is set 
based on an edge transition of the first delayed clock signal (Block 72). This is illustratively shown 
in the timing diagram of Fig. 2, where the falling edge of the timing signal ENOUT transitions to the 
low logical value of signal EN1 shortly after delayed clock signal CLK0 goes high. While the first 
delayed clock signal undergoes multiple edge transitions, the edge transition which sets the first edge 
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of the timing signal is controlled by NOR gate, multiplexer, latch and flip-flop in the manner 
previously described. 

Second, the second edge of the timing signal to a logical value of the interim timing signal is 
set based on an edge transition of the second delayed clock signal (Block 73). This is illustratively 
shown in the timing diagram of Fig. 2, where the rising edge of timing signal ENOUT transitions to 
the high logical value of EN1 shortly after the delayed clock signal CLK1 goes high. While the 
second delayed clock signal undergoes multiple edge transitions, the edge transition which sets the 
second edge of the timing signal is controlled by NOR gate, multiplexer, latch and flip-flop in the 
manner previously described. 

Fig. 5 shows a DC-DC converter implemented in CMOS in accordance with one embodiment 
of the present invention. The converter includes a timing circuit 1 00, a pair of series-connected 
transistors 1 10 and 120, and a LC circuit formed from an inductor 130 and a capacitor 140. The 
timing circuit corresponds to one or more embodiments of the present invention described herein, 
except that it has been adapted to output two gate control signals P out and N out . These gate control 
signals are always set to the same logical value based on the timing signal output from circuit 100, 
e.g., when timing signal ENOUT is low both P out and N out are low and when ENOUT is high both 
Pout and N out are high. Since the converter is implemented in CMOS, when P transistor 110 is 
switched on, N transistor 120 is switched off and vice versa. 

The DC-DC converter operates to convert an input voltage V in at one DC level to an output 
voltage V out at another DC level. When P out and N out are low, transistor 1 1 0 is on and transistor 1 20 is 
off. This switching configuration causes voltage substantially equal V in B V out to appear across the 
inductor terminals, which in turn causes a gradual increase in current flowing through the inductor to 
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V 0 ut . When P out and N out are high transistor 110 is off and transistor 120 is on. This switching 
configuration causes voltage substantially equal (-V 0 „t) to appear across the inductor terminals, which 
in turn causes a gradual decrease in current flowing through the inductor to V out . Because current 
through the inductor varies with time, output voltage V ou t may experience a ripple. Larger values of 
inductor 130 or capacitor 140 result in a smaller ripple. The average value of V out is substantially 
equal to the time-averaged voltage at the inductor terminal connected to transistors 1 10 and 120 and 
thus depends on the edge placement and duty cycle of signals P ou t and N ou t. 

Because the timing signal may assume different logical values for different durations and 
these durations can be independently controlled, circuit 100 can separately program the turn-on and 
turn-off instants of the switching transistors. This leads to improved timing accuracy for switching 
the transistors, which, in turn, prevents energy loss and power conversion efficiency degradations 
that other DC-DC converters which employ dependent transistor switching schemes experience. The 
embodiments of the timing circuit described herein may also be adapted to other applications where, 
for example, duty-cycle corrections are required. 

In an alternative embodiment, the circuit would actually include two identical instances of the 
timing circuit shown in Fig. 1 . Four delay lines would therefore be used. In operation, the two signals 
ENOUT generated from the two timing circuits would correspond to P ou t and N out respectively. The 
timing signal ENOUT generated for the P out signal would have a value which turns transistor 1 1 0 on 
substantially when transistor 120 is off. And, the timing signal ENOUT generated for the N out signal 
would have a value which turns transistor 120 on substantially when transistor 1 10 is off. Using 
these circuits, independent setting of the rising and falling edges of the gate signals for transistors 
1 10 and 120 can therefore be achieved. 
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Fig.6 shows a processing system which corresponds to another application of the timing 
circuit. In accordance with one embodiment, the processing system includes a processor 200, a 
power supply 210, and a memory 220 which, for example, may be a random-access memory. The 
processor may include an arithmetic logic unit 202 and an internal cache 204. In addition to these 
elements, the processing system may optionally include a graphical interface 230, a chipset 240, a 
cache 250 and a network interface 260. 

A timing circuit 270 in accordance with any one or more of the embodiments described 
herein may be used to generate timing and/or clock signals for controlling operations of the chipset 
or processor, or for controlling the transfer of data between either of these elements and the memory. 
The timing circuit is illustratively shown as being included in the processing system. Those skilled in 
the art can appreciate, however, that this circuit may be included in the chipset, network interface, or 
any of the other features of the processing system for performing any one of a variety of timing 
and/or control functions. Moreover, the processing system including the timing circuit may be 
formed on a single chip die or one or more elements of the system may reside off-chip. 

Other modifications and variations to the embodiments of the present invention described 
herein will be apparent to those skilled in the art from the foregoing disclosure. Thus, while only 
certain embodiments of the invention have been specifically described herein, it will be apparent that 
numerous modifications may be made thereto without departing from the spirit and scope of the 
embodiments of the invention. 
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